reactors. It was also inadvertently contaminated with low levels of mercury and radionuclides, primarily cesium-137. Despite these impacts, Par Pond supported a diverse, self-sustaining, and relatively stable community of fishes generally similar to the fish communities found in other Southeastern reservoirs.
From 1991 to 1995, the water level of Par Pond was drawn down approximately 6 meters (20 feet), resulting in a 50% reduction in surface area, a 65% reduction in volume, and the temporary elimination of the littoral zone. The four-year drawdown adversely affected the Par Pond fish community as indicated by significant reductions in the average number of fish and number of fish species. However, these effects were temporary. Within seven months of Par Pond refilling to its former level, the number of fish species, number of fish, and relative abundance of fish had returned to pre-drawdown levels. The rapid recovery of the Par Pond fish community demonstrated its resiliency to the effects of water level changes. Factors that contributed to this resiliency included the ability of fish to rapidly recolonize newly inundated habitat, high reproductive capacity, and the rapid regrowth of aquatic vegetation, which provided cover for juvenile fishes in formerly exposed areas.
There was concern that erosion of exposed shoreline during the drawdown, possible resuspension of sediments during the refill, and biological and chemical changes associated with the drawdown and refill might result in greater contamination of Par Pond organisms. However, as of late 1995, there was no evidence of increased contaminant concentrations in Par Pond largemouth bass. Similarly, there was no evidence of increased contaminant levels in Par Pond water or of gross changes in the distribution of contaminants in the Par Pond sediments.
Current plans to shut down the Savannah River Site river water distribution system would cause the water level of Par Pond to fluctuate by as much as several feet in response to seasonal changes in rainfall and evaporation. Considerable research on the effects of fluctuating water levels in other reservoirs indicates that fluctuations are not harmful and may even be beneficial if they are not extreme and match the fluctuations generally characteristic of a normal hydrologic cycle (Le., high in spring and low in late fall and early winter). Fluctuations in the water level of Par Pond, because they would be determined largely by local weather patterns, would follow natural patterns, although there may be some years in which low water levels during the spring could reduce fish reproductive success. However, as the drawdown studies have demonstrated, such effects are likely to be t e m p o r e due to the resiliency of the Par Pond fish community. The drawdown studies also indicate that fluctuations in the water level of Par Pond are unlikely to increase contaminant levels in Par Pond biota or result in longterm resuspension of contaminants in the water column. In summary, natural water level fluctuations of several feet in Par Pond are unlikely to deleteriously affect the Par Pond fish community.
Introduction
Par Pond is a 1012-hectare (2500-acre) reservoir on the Savannah River Site (SRS) that wasxreated in 1958 by impounding the upper reaches of Lower Three Runs. Par Pond served as a cooling reservoir for P and R Reactors until 1964 when R Reactor was shut down (Wilde 1985) . It continued to receive heated cooling water from P Reactor until 1988. During the early periods of P and R Reactor operations, radioactive materials, chiefly cesium-137, were inadvertently released into the Par Pond ecosystem where they can still be detected in sediments, water, and biota (Gladden et al. 1985) . While not a consequence of SRS operations, elevated levels of mercury also occur in Par Pond biota. This mercury probably entered Par Pond in water pumped from the Savannah River (Newman and Messier 1994) . Despite its use as a cooling reservoir and inadvertent contamination, Par Pond has historically supported diverse and abundant assemblages of fish and other aquatic biotawilde 1985). . . 1995 . Par Pond was extensively studied before, during, and after the drawdown, resulting in the generation of considerable information concerning contaminant levels in the Par Pond ecosystem and ecological changes resulting from the drawdown.
Because the nuclear reactors on SRS are no longer operating, the water distribution system that supplied them with cooling water from the Savannah River may be temporarily or permanently shut down. As a result, make-up water to compensate for that lost to evaporation or seepage will no longer be pumped from the Savannah River to Par Pond, and the reservoir will no longer be artificially maintained at a relatively constant 61 meters (200+1 foot) above msl. Hydrologic models indicate that the watershed of Par Pond is large enough to maintain the average water level near historical levels, but fluctuations of several feet or more are expected (COE 1994) . There is concern that these fluctuations will adversely affect the ecology of Par Pond. Insights into possible ecological effects of this fluctuating water level scenario can be gleaned by examining the effects of the 1991-1995 drawdown.
The objectives of this report are to: 0 describe the Par Pond fish community and the impact of the drawdown and refill on the community, describe contaminant levels in Par Pond fish, sediments, and water and indicate how contaminant concentrations and distributions were affected by the drawdown and refill, and predict possible effects of future water level fluctuations in Par Pond.
Methods and Materials

Field methods
Fish community data from Par Pond were separated into six time periods: pre-drawdown, drawdown 1991, drawdown 1992, refill, spring post: refill, and fall post-refill (Table 1) . Fish were collected in all time periods from the north arm, middle arm, west arm, and near the Par Pond dam (Figure 1 ). Six hundred meters (2000 feet) of shoreline were electrofished at each of the four locations (300 meters [980 feet] along each bank, Figure 1 ). Sampling was generally conducted parallel to the shoreline along the 1-to 2-meter depth contours. The same general areas were sampled during each collection, although the exact locations of the electrofishing sites varied sligh€ly.
Electrofishing was conducted from an aluminum boat. Electrofishing equipment with approximately the same performance specifications was used dur-.
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2 In the case of bluegill, it was usually necessary to composite a number of specimens to obtain the required 300 grams (10.5 ounces). To the extent possible, only bluegill of similar total length were composited. Individual fish were homogenized in a blender to produce composite samples. Fish collected for contaminant analysis were immediately placed on ice, frozen within several hours of capture, and shipped on ice to qualified laboratories for analysis.
Water samples were collected from Par Pond in September 1995 for analysis of total mercury, gamrga emissions (gamma-pulse-height analysis), gross alpha emissions, beta emissions from nonvolatile radionuclides (nonvolatile beta) and U.S. Environmental Protection Agency (EPA) target analyte list metals. Near-top and near-bottom samples were collected from the north arm, middle arm, west arm, and near the Par Pond dam ( Figure   1 ). The samples were collected with a pump and hose system that was thoroughly flushed between samples. The water was collected in previously prepared bottles containing appropriate preservatives and was placed on ice after collection for shipment to analytical laboratories. Sediment samples were collected in September Pond dam (one transect per arm; Figure 1 ). There 1995 at points along transects running across the were 9 to 12 sample points along each transect, north arm, middle arm, west arm, and near the Par dcpending on the width of the arm being sampled. The sample points were spaced somewhat more closely near the ends of the transects and further apart where the transects crossed deeper water to ensure that recently dry shallow areas reinundated by the refill were adequately sampled. Samples were collected from approximately the upper 10 centimeters (4 inches) of substrate with a ponar dredge. Sediment samples were placed in previously prepared bottles containing appropriate preservatives and placed on ice for shipment to analytical laboratories where they were analyzed for total mercury and gamma emissions (gammapulse-height analysis).
Data analysis
Differences in fish community structure among time periods were assessed on the basis of species number, total number of fish caught, and species rank abundance. Differences in species number and number of fish caught were compared among time periods with theT-method for unplanned comparisons (Sokal and Rohlf 1981 [pCi/g]) . Because the concentration distributions were skewed, the data were transformed to a loglo scale (X7=l0g1o(X+l)) to preserve the assumption of normality for statistical testing.
Fulton's Condition Factor (K) (Bagenall978) was used to evaluate changes in the food intake and general health of largemouth bass, bluegill, and redbreast sunfish (Lepornis auritus] over time.
High values of K indicate high food intake relative to metabolic requirements and generally good health (Bennett 1970 Regression analysis also was used to determine if variations in K were related to body burdens of total mercury and cesium-137. This question was tested in two ways. First, K was regressed on loglotransformed mercury and cesium-137 concentrations in a multiple regression model. F-tests were used to assess the significance of each independent variable. The second approach was to add loglo-transformed total mercury and cesium-137 concentrations to a length-weight regression model and determine if these variables accounted for a significant amount of variation in weight after the effect of length was taken into account. As is typical of length-weight regression models e used in fisheries biology, both total length (mm) and weight (g) were loglo-transformed to linearize the relationship between them (Bagenal 1978) . The significance of the amount of variation in weight accounted for by total mercury and cesium-137 concentrations was evaluated with F-tests.
Results of the Par Pond water and sediment analyses were presented as arithmetic means, geometric means, maxima, and percent of samples with the analyte in quantities above the detection limit. Geometric means were calculated by backtransforming the average value of the logtransformed (i.e., X'=loglo(X+l)) data (Sokal and Rohlf 198 1). Geometric means were presented together with arithmetic means because environmental contaminant data is often logarithmically distributed (Gilbert 1987 ). Means were not calculated for analytes never found in concentrations above the detection limit.
All statistical analyses were calculated' using SYSTAT (Wilkinson 1989) or JMP (SAS 1989) software.
Results and Discussion
Par Pondfih communities
Seventeen species of fish were collected from Par
Pond during the pre-drawdown period ( The pre-drawdown samples can be compared with earlier samples collected with cove rotenone techniques during 1969 , 1972 (Clugston 1973 ), 1977 (Hogan 1978 ), and 1980 (Martin 1980 (Table 3) . Such comparisons must be approached cautiously because of method-specific biases (Nielson and Johnson 1983) and because the.cove rotenone results were reported as weights rather than numbers. However, the cove rotenone studies consistently demonstrated that the most abundant species then in Par Pond were bluegill, lake chubsucker, largemouth bass, chain pickerel and "other sunfishes," all of which also were well represented in the pre-drawdown samples. Brook silverside and other small species were not prominent in the cove rotenone samples because of their comparatively insignificant weight.' Within the limitations previously discussed, these comparisons indicate that the Par Pond fish assemblage was relatively stable from 1969-1985; most species were persistent and the same species gener-WSRC-TR-96-0208 6 Refill I Dost-refill Dost-refill ~ ~~.
-r--. aUy shared numerical dominance. The community probably remained stable until the 1991 drawdown.
The drawdown resulted in a 50% reduction in reservoir surface area, a 65% reduction in reservoir volume (DOE 1994) , and the loss of virtually all emergent and submerged vegetation from the original littoral zone (Mackey 1996) . Water quality declined but generally remained acceptable for warm water fishes (Koch et al. 1996a ). The average number of species collected from Par Pond declined significantly during the first year of the drawdown (1991) and decreased still further during the second year (1992) (Figure 2 ). The number of individual fish declined even more, reaching levels approximately an order of magnitude lower than before the drawdown ( Figure 2 ).
Samples collected during the refill (January 1995) indicated slight increases in number of species and number of individuals, but both variables remained significantly lower than before the drawdown (Figure 2) . However, samples collected in May and June 1995 (spring post-refill), approximately two to three months after refill was completed, indicated significant increases to pre-drawdown levels for both species number and number of individuals. The fall post-refill sample indicated additional increases in both species number and number of fish, although neither was significantly greater than during the spring post-refill sample.
Species rank abundances during the drawdown were significantly (Ps0.05) correlated with species rank abundances before the drawdown, reflect- a Clugston (1973) . b Hogan (1978) . C Martin (1980) . ing the persistence of species such as bluegill and largemouth bass (Tables 4 and 2 ). Although significant, these correlations were moderate (Le., 0.59 and 0.60; Table 4 ) because of marked decreases in brook silverside and lake chubsucker and increases in blueback herring (Alosa aestivalis) during the drawdown. Correlations with pre-drawdown samples increased during (-0.79) and following the refill (~0 . 8 8 and 0.75), reflecting increased abundance of brook silverside and lake chubsucker.
Correlations of the magnitude of those demonstrated between the pre-drawdown and post-refill samples may be typical of interannual comparisons even in the absence of disturbances. Although major disturbances to the Par Pond system did not occur between the cove rotenone samples discussed above, the rank correlations ammg them (0.60-0.95, average of 0.8 1) were similar to the correlations between the pre-drawdown and post-refill electrofishing samples. Such variability may be attributable to sampling imprecision and interannual variations in the reproductive success of individual species.
Brook silverside and lake chubsucker, species that declined during the drawdown, typically prefer littoral zone habitats with extensive aquatic. vegetation (Pflieger 1975; Robinson andBuchanan 1988) . Other less abundant species that have similar habitat requirements and whose numbers decreased during the drawdown and subsequently increased following refill included yellow perch, dollar sunfish (L. marginatus), and spotted sunfish (L. (Mackey 1996) . Thus, considerable littoral zone structure was available in 1995 to provide spawning substrate for phytophilous species (e.g., yellow perch) and cover for juvenile fishes. In addition to affecting community structure, the drawdown affected the size structure (Le., distribution of length classes) within species. Analysis of the length frequencies of largemouth bass and lake chubsuckers (Figures 3 and  4 ) indicated that few small individuals remained at the end of the drawdown (as reflected in lengthfrequency distributions measured in January I995
[refill]). Analysis of length-frequency distributions for bluegill ( Figure 5 ) indicated a-generally similar, but less pronounced, trend. Length-frequency distributions would differ seasonally as a result of the recruitment of young-of-the-year fishes to catchable size; however, it is unlikely that seasonal factors were solely responsible for changes in size structure noted between pre-drawdown and refill samples. In the case of both largemouth bass and lake chubsucker, size groups up to 249 mm (10 inches) for largemouth bass and 299 mm (11.5 inches) for lake chubsuckers were largely absent in the January 1995 sample, suggesting that recruitment of young had been poor for at least the two previous years.
While post-drawdown community composition (reflected in species richness, species abundance, and rank abundance) rapidly came to resemble predrawdown community composition, the size s &~-ture within species remained quite different between pre-and post-drawdown samples. Pre-drawdown largemouth bass and lake chubsucker size structures were dominated by large individuals. In contrast, the post-drawdown size structures of both species were dominated by small individuals, reflecting highly successful reproduction of both species following refill. Young-of-the-year were prominently represented in the spring post-refill collection as indicated by the abundance of individuals in.the 0-49-mm (0-2-inch) size class. Many more juvenile fishes were observed than collected in the spring post-refill sample because they were too small to be retained by the nets. *By the fall post-refill sample, these young-of-the-year fish had grown considerably as indicated by a reduction in the 0-49-mm (0-2-inch) size class and an increase in the 50-99-mm (2-4-inch) size class. However -.
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Par Pond Fish, Water, and Sediment Chemistry Like largemouth bass and lake chubsuckers, the size distribution of bluegill after the drawdown was significantly different from that before drawdown (PS0.05).
The preceding data indicate that the Par Pond drawdown severely disturbed the Par Pond fish community, resulting in marked reductions in the number of species and abundance, particularly of those species dependent upon littoral zone vegetation.
The size structure of individual species also was affected. That these changes were a consequence of the drawdown is suggested by the fact that sampling prior to the drawdown showed the Par Pond fish community to be temporally stable in terms of species' persistence and the general ranking of species' abundances (i.e., the same basic group of species numerically dominated the community although shifts in the relative ranking of these species were not uncommon). The effects of the draw-' down on the Par Pond fish community were apparently the result of marked reductions in habitat size and changes in habitat quality, including the temporary loss of the littoral zone and its associated vegetation.
Fish community structure in Par Pond rapidly recovered following refill, indicating that it is resilient to disturbances resulting from changes in water level. In this respect the Par Pond fish community resembles stream fish communities, which have been shown to recover relatively quickly from perturbations of even a relatively extreme nature such as catastrophic flooding (Matthews 1986 ), severe drought (Bayley and Osborne 1993) , and experimental defaunation (Meffe and Sheldon 1990) . Recovery of the Par Pond fish community apparently was due to recolonization by species reduced in or temporarily eliminated from the main body of the reservoir. These species experienced highly successful reproduction following refill, which resulted in the repopulation of Par Pond with large numbers of juvenile fishes. The final result was a rapid return to species richness and rankings similar to pre-drawdown conditions, although the size structures of individual species significantly differed from pre-drawdown size structures. An important source for species that were largely eliminated from the main body of Par Pond to repopulate the reservoir may have been comparatively small refugia located in the headwater stream that feeds Par Pond ( Figure 1 ) and possibly in shallow coves where the regrowth of some aquatic vegetation provided small species ( e g , dollar sunfish, yellow perch, and coastal shiner) with shelter from predaceous fish and birds.
. It is likely that both immigration and reproduction contributed to the recovery of the Par Pond fish community with the influence of reproduction more evident. However, a "seed pool" for recolonization is clearly essential, thus underscoring the importance of refugia where some individuals can persist during a perturbation. The number of individuals sustained in refugia probably does not need to be large given the biotic potential of most fishes (Nikolsky 1963) . The other requirement for successful expansion of recolonizing species is the presence of a suitable habitat for them and their early life stages. Such habitat was provided in Par Pond first by inundated terrestrial vegetation and subsequently by the rapid regrowth of aquatic vegetation between the drawdown shoreline at the 55-meter (18 1-foot)-elevation and the restored 6 1-meter (200-foot)-elevation shoreline, both of which presumably provided shelter from predators and spawning substrate for phytophilous species. Observations during sampling indicated that young-of-the-year fishes aggregated near such
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shelter. The importance of habitat in determining the structure of recolonizing fish assemblages also has been noted for stream fish communities (Meffe and Sheldon 1990) .
While species composition and richness rapidly returned to pre-drawdown levels once Par Pond refilled, the size structure of individual species was significantly different than before the drawdown. Pre-drawdown size structures of largemouth bass and lake chubsucker were generally characteristic of established and relatively stable populations with a preponderance of large individuals. Substantial numbers of large bluegill were also present, although this species was strongly represented by juveniles as well. Post-drawdown species size structures were the reverse of those pre-drawdown, with a preponderance of juveniles and relatively few large fish. Such size struckres are characteristic of expanding populations (Rickelefs 1982) and are the result of highly successful reproduction in the restored habitat. Given their probable growth rate (Carlander 1969 (Carlander ,1977 it is likely that the size distributions of largemouth bass and other comparatively long-lived fishes will require at least several years to return to their pre-drawdown structure.
To the extent that Par Pond is representative of other southeastern reservoirs, the results of this study suggest that southeastern reservoir fish communities are highly resilient to extensive and relatively long-term reductions of habitat volume and to the destruction of littoral zone habitat. Reservoir fishes may be resilient to such impacts because of their long evolution in lotic and lentic systems that naturally experience changes in water level as a result of intra-and interannual variations in rainfall. They may be less resilient to impacts that do not mimic natural environmental perturbations, such as the presence of toxic materials. Further, a major perturbation, such as a drawdown, could affect the balance' between closely competing species and result in subsequent shifts in species composition from the pre-disturbance state. The increase in blueback herring abundance in Par Pond following the drawdown may be an example of this, although more time will be needed to assess the permanence of this change. Lastly, rapid restoration of the littoral zone habitat through the regrowth of aquatic vegetation undoubtedly contributed to the recovery of the Par Pond fish community. Factors that interfere with the natural recovery of littoral zone habitat, such as vegetation contr.01 programs, might result in slower or incomplete restoration of the fish community.
Condition factors
Past studies have indicated that largemouth bass from P q Pond were characterized by unusually low condition factors (K) (Paller and Saul 1985) . This was attributed to increased metabolic rates among Par Pond bass due to elevated temperatures resulting from the discharge of heated cooling water into Par Pond (Gibbons et al. 1978) . Conversely, it also was hypothesized that the low condition factors were primarily the result of inadequate forage with elevated temperatures, perhaps playing a secondary role (Paller and Saul 1985) . A comparison of pre-drawdown largemouth bass condition factors with fall post-refill condition factors indicated that both were quite similar and lower than is typical for most reservoirs ( 
Contaminants in Par Pondfish
The geometric mean total mercury concentration in Par Pond largemouth bass (whole fish) was 581 pgkg (Table 6 ). These concentrations were greater than in LLake largemouth bass (351 pgkg). Total mercury concentrations in Par Pond largemouth bass increased significantly (P<O.OOl) with fish size (Figure 6 ), reflecting bioaccumulation in older fish. Mercury contamination is common among fish taken from SRS water bodies that receive inputs of Savannah River water (Newman and Messier 1994 Mercury body burdens in fish often increase when a reservoir is in-itially filled because of an increase in methylation as a result of greater microbial activity. There was concern that similar increases could occur in Par Pond after the reservoir was refilled following its extended drawdown. Jagoe , et al. (1994) observed that mercury concentrations in largemouth bass ranged from approximately 50-1900 pgkg (n=300) just before the drawdown, during the drawdown, and after the drawdown was completed (1991) (1992) (1993) . Samples taken by EMS when Par Pond was drawn down (1992) (1993) (1994) indicated that mercury concentrations in largemouth bass ranged from 170-2730 pgkg with a geometric mean of 1293 pgkg (n=16). These values can be compared with the fall post-refill (September 1995) geometric mean mercury concentration of 58 1 p g k g in largemouth bass (maximum of 3 180 pgkg; Table 6 ). This comparison indicates that as of September 1995 (approximately six months after refill was completed), there was little evidence of increased mercury body burdens in Par Pond largemouth bass. Continued monitoring will determine if increases occur in the future.
The geometric mew cesium-137 concentration in
Par Pond largemouth bass (whole' fiih) was 4.61 pCi/g (Table 6 ), nearly an order of magnitude higher than in L-Lake largemouth bass (0.62 pCi/g; Paller 1996 ). Body burdens ofcesium-137 increased significantly (PSO.001) with fish size (Figure 7) , in (1 08-1 64) ..
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( a Most samples consisted of individual fish, except for small specimens, which were composited. Most samples were composites of a number of individuals.
contrast to L Lake, where largemouth bass total length and cesium-137 concentration were unrelated (Paller 1996) . Geometric mean cesium-137 concentrations in bluegill and lake chubsucker were 1.70 and 3.27 pCi/g, respectively (Table 6) .
As with largemouth bass, bluegill from Par Pond were characterized by much higher cesium-137 body burdens than bluegill from L Lake (Paller 1996 ) (cesium-137 was not analyzed in lake chubsuckers in L Lake). Greater cesium-137 body burdens in Par Pond fish probably reflect greater contamination of Par Pond with cesium-137 as a result of radionuclide releases from P arid R Reactors. Other factors such as differences in fish age and trophic dynamics may also play a role. Cesium-137 concentrations in Par Pond largemouth bass were substantially higher than values reported in largemouth bass fronthe uncontaminated Clarks Hill reservoir (Sugg et al. 1995 ) and higher than values recently .reported for largemouth bass from the Savannah River (Jannik 1996).
Changes in the Par Pond water chemistry appeared to be responsible for increased levels of cesium-137 in Par Pond bass during the early stages of the drawdown (Whicker et al. 1993a ).-However,.cesium-137 levels in largemouth b q s collected in the fall of 1995 (4.6 pCi/g wet weight Fable 61)
were somewhat lower than in 19 largemouth bass collected from Par Pond by Whicker (1991) just. before the start of the drawdown (8.8 pCVg wet weight). Although Whicker's measurements were from the muscle only, which is where cesium-137 accumulates, and the 1995 measurements were from whole fish, this comparison suggests that the increases were transient or at least had diminished in magnitude by late 1995. Sugg et al. (1995) suggest that elevated levels of mercury and radiocesium are responsible for low condition and DNA damage among largemouth bass in SRS reservoirs. In the present study, largemouth bass condition factors were significantly (Pr0.05) related to tissue concentrations of total W S R C-TR-9 6-0208 Total length (mm) Figure 7 . Regression of cesium-137 concentration (pCi/g) in largemouth bass of various sizes (total length in millimeters) collected from Par Pond. October 1995.
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a , Par Pond Fish, Water, and Sediment Chemistry mercury but not tissue concentrations of cesium-137 (Table 7) . The effects of total mercury and cesium-1 37 concentrations on fish weight also were evaluated by assessing the ability of these variables to add explanatory power to a length/ weight regression model for Par Pond largemouth bass (Table 7) . Again, tissue concentrations of total mercury contributed significantly to the model, indicating that mercury was associated with variations in fish weight once length was taken into account. These results are different from those reposed for L-Lake largemouth bass (Paller 1996) in that neither total mercury nor cesium-137 concentrations were related to the fishes' condition. Reasons for this difference are unclear, but may be related to higher levels of contamination in Par Pond. Similarly, it is uncertain whether high body burdens of mercury are directly responsible for low condition among Par Pond largemouth bass or whether the correlation between these variables results from other factors that have not yet been elucidated.
Contaminants in Par Pond sediments and water
Radionuclides have been detected in Par Pond sediments (Koch et al. 1996b ). However, the radionuclide found in the highest concentration, and the most significant from the perspective of biological risk (Whicker et al. 1993b) , is cesium-137. Prerefill surveys indicated that the average cesium-137 concentration in Par Pond sediments was approximately 7 pCi/g (Winn 1991 cited in Hamby 1991) and that cesium-137 concentrations were higher in deeper portions of Par Pond (Winn 199 1).
Other pre-refill studies indicated that the distribution of cesium-137 was "patchy" over relatively small spatial scales (Paller and Wike 1996) .
Fall post-refill measurements indicated that the arithmetic mean cesium-137 Concentration in Par Pond sediments was approximately 9.0 pCi/g (Table 8 ) and that cesium-137 concentrations were variable, but highest in the'deep water areas located relatively far from the post-refill shoreline (Figure 8 ). These concentrations and spatial distribution patterns are similar to those reported before the refill and suggest that sediment movements and sediment chemistry changes associated with the refill have not substantially affected cesium-137 concentrations or distributions within Par
Pond.
Other gamma-emitting radionuclides present at detectable levels in.Par. Pond sediments included actinium-228, cobalt-60,1ead-212, potassium-40, and thorium-234 (Table 8) . However, these constituents had much lower activities than cesium-137.
Mercury, a nonradioactive but potentially toxic metal, was present in detectable concentrations at 20% of the sample sites (Table 8) . The average concentration, 39 pgkg, was below the EPA Region IV sediment screening value (130 pgkg; EPA 1995). However, the highest mercury concentration, 323 p g k g , did exceed the EPA Region IV screening value for mercury in sediments. As with cesium-137, the highest mercury concentrations occurred in the deeper portions of Par Pond ( Figure  9 ).
Several gamma-emitting radionuclides were detectable in water samples from Par Pond including cesium-137, potassium-40, thorium-234, and lead-212 (Table 9 ). These radionuclides also occurred in the sediments (Table 8) . Nonvolatile-beta-emitting radionuclides also were detected in most of the Par Pond water samples. Element-specific analyses were not conducted for beta-emitting radionuclides. None of the metals measured in Par
Pond water samples exceeded EPARegion IV acute toxicity screening values for surface waters (EPA 1995) . However, the detection limits for beryllium, cadmium, lead, mercury, and silver were not low enough to ensure that these metals were below the EPA Region IV surface water ehronic toxicity screening values.
There was concern that the refill of Par Pond might cause contaminants in the sediments to become WSRC-TR-96-0208 
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Ioai n cesium-1 37 2.00 0.1 67 resuspended in the water column. Fall post-refill cesium-137 concentrations in Par Pond water averaged 4.9 p C K (Table 9) , only slightly more than before the drawdown (3.5 pCi/L, Boni 1991), indicating little evidence of resuspension. The slight difference between these measurements could be seasonal, since cesium-137 concentrations in the Par Pond water vary seasonally (Alberts et al. 1979 ).
The cumulative impact of the contaminants in Par Pond water and sediments on the Par Pond fish community is not certain. Recent reports (Sugg et al. 1995) suggest that elevated mercury and cesium-137 levels in SRS reservoirs are associated with genetic damage to largemouth bass. However, Par Pond has supported a diverse, self-sustaining fish assemblage comparable to that in other southeastern reservoirs for many years (Paller and Saul 1985) despite the presence of these contaminants. Further, this community was resilient enough to recover quickly from the disruptive effects of the Par Pond drawdown. Lastly, a conservative ecological risk model recently was used to evaluate the effects of radiological contamination on Par Pond fish. The results indicated that dose levels in Par Pond were at least an order of magnitude lower than those documented as causing mortality (Hinton and Whicker, in pregs) . In summary, current evidence suggests that contaminants in Par Pond may be responsible for individual effects such as genetic damage that could be manifested in relatively subtle population effects, but not in measurable community level changes in species composition or species richness. and volume of water, changes in the availability of spawning substrate and cover, alterations in the availability of food, and dewatering of eggs and larvae (Lantz et al. 1964; Estes 1972; Gaboury and Patalas 1984) ; Indirect effects can occur as a result of alterations in the type and quantity of littoral zone aquatic vegetation and water-level related changes in susceptibility to summer and winter kills (Gaboury and Patalas 1984) . The magnitude of these effects and whether they are beneficial or deleterious largely depends on the extent and timing of the water level fluctuations.
Anticipated eflects offluctuating water kvek on
Moderate decreases in water level dukng the fall and winter followed by increases in the spring generally have beneficial effects on fish populations. These benefits have been summarized by Liston and Chubb (1985) as follows:
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As a result of these benefits, winter drawdown followed by spring refill is a commonly used technique for managing reservoir fish populations.
Although winter drawdown followed by spring refill is often beneficial, other fluctuating water level scenarios can be detrimental to reservoir fish populations. Water level fluctuations during the spawning period (spring and early summer for most southeastern fishes) can dewater spawning areas, causing the loss of eggs and larvae: (Gaboury and Patalas 1984) . Spring drawdowns can deprive littoral-zone species of essential spawning habitat and result in reproductive failure (Estes 1972 Hydrologic models suggest that Par Pond water level will fluctuate by several feet following the shutdown of the river water distribution system (COE 1994) . The water level will be largely dictated by rainfall, resulting in a general trend of a higher water level in the late winter and spring and a lower level from the late summer through midwinter. However, there will undoubtedly be some years with uncharacteristic water levels because of the partially random nature of weather patterns (e.g., fall hurricanes). Such water level fuctuations are unlikely to have inimical effects on the Par Pond fish comunity, and in years of high spring water levels, are likely to result in the production of unusually strong year classes. The rapid recovery of the Par Pond fish community following the extended 1991-1995 drawdown provides evidence of the resiliency of this community and its ability to recover from changes in water level, even when the timing and magnitude of such events are inimical. have subtle indirect effects on the Par Pond fish community, but there is currently no reason to anticipate that these effects will be deleterious.
Data collected before and after the Par Pond drawdown a d refill suggest that the refill had little effect on contaminant levels in the aquatic ecosystem. There was no evidence of long-term resuspension of contaminants in the water nor was there evidence of extensive redistribution of contaminants as a result of sediment movements (although localized downslope movements of contaminants on the exposed shoreline during the drawdown remains a possibility; Paller and Wike 1996) . Also, as of September 1995, there w+ no evidence, of increased mercury concentrations in Par Pond bass as a result of the refill. These data suggest that future water level fluctuations of several feit will neither significantly affect contaminant concentrations nor distribution patterns in the Par Pond aquatic ecosystem.
Summary and Conclusions
For the first 30 years of its existence, Par Pond received heated effluent from one or more nuclear reactors. It was also inadvertently contaminated with low levels of mercury and radionuclides, primarily cesium-137. Despite these impacts, Par Pond supported a diverse, self-sustaining, and relatively stable community of fishes generally similar to the fish communities found in othersoutheastern reservoirs. Par Pond refilling to its former level, the number of fish species, number of fish, and relative abundance of fish had returned to pre-drawdown levels. However, the size structures of the fish populations differed from pre-drawdown size structures in that young individuals were more abundant and large individuals less abundant. The rapid recovery of the Par Pond fish community demonstrated its resiliency to the effects of water level changes.
Factors that contributed to this resiliency included the ability of fish to rapidly recolonize newly inundated habitat, high reproductive capacity, and the rapid regrowth of aquatic vegetation, which provided cover for juvenile fishes in formerly exposed areas.
There was concern that erosion of exposed shoreline during the drawdown, 
